Structure details

1) ε-Co
2) Co 2 P
Fig S4 (a)
A schematic representation of the Co 2 P crystal structure. The blue, gray, and purple atoms are cobalt type I, II, and phosphorus respectively. (b) Co-P Scattering pathways from cobalt type I atom of Co 2 P (c) Co-Co Scattering pathways from cobalt type I atom of Co 2 P (d) Co-P Scattering pathways from cobalt type II atom of Co 2 P (e) Co-Co Scattering pathways from cobalt type II atom of Co 2 P. 
EXAFS Analysis Methods
The raw absorption spectra obtained (Fig. S6 ) at the beamline were averaged and processed using the ATHENA software. This processing included edge determination from the first inflection point in the absorption data, background subtraction using the AUTOBK algorithm, and normalization of the EXAFS modulations (greater than 150 eV above the edge).
A k-weight of 1 was chosen in order to emphasize the first coordination shell for fitting due to the presence of low-Z scatterers. The spectra were converted from E-space, to k-space, and then underwent a phase shift specific to the scattering element and Fourier transformation into Rspace using the Hanning-type window, in order to better visualize the spacing and fit to theory.
In a Fourier transform of the raw spectral data, each peak appears at the relative spacing of that particular shell from the scattering atom. The data, after processing, was then analyzed by the abinitio method with use of the ARTEMIS software. Crystal structures from theory were inputted using ATOMS. By fitting well-matched theoretical pathways to the experimental spectra by loosening variables to deviate from the theoretical bulk structures, specific structural information was determined such as coordination number, spacing, and mean square disorder. 
EXAFS fitting details and procedure
The following EXAFS plots show the Fourier Transformations of the absorption spectrum obtained for each sample, their respective fitting using theoretical pathways, and residual pathway summations. The pathway summations shown were those used in the fitting process.
Separate residuals represent a separate set of variables allowed to float during the fit.
1) Sample A
Fig. S7
The residual sums for sample A include the Co-O contribution at a short distance from the absorbing atom as well as Co-Co contributions using both type I and type II cobalt as the core. 
2) Sample B
Fig. S8
The contributions to the Sample B spectrum include pathways from epsilon cobalt as well as a smaller amount of Co-P at a shorter bonding distance 3) Sample C
Fig. S9
The residual sums associated with sample C reveal the increased Co-P contribution due to increased Phosphorus diffusion 
Fig. S12
The FT for sample F shows an apparent second shell contribution, associated with longrange order with increased crystallinity. Co-P shell1
Co-P shell2
Co-Co shell1
Co-Co shell2
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Calculation of the concentration of atoms on the surface in a nanoparticle
The average nanoparticle size was estimated by TEM. Spherical Cluster Approximation (SCA) was used in this calculation. 1 We assumed that the NPs are spherical.
Where N is the total number of atoms in the cluster, V is cluster/atom volume, and R is radius of cluster/atom. After rearranging, we obtain:
By using R cluster as 5.95nm which was obtained by TEM analysis and R cobalt as 0.135nm, the number of atoms in NP is 85615.
S is the surface area of cluster/atom. The number of surface atoms N s in a cluster is given by dividing the surface area of the cluster by the cross-sectional area of an atom (A a ). After rearranging, we obtain: 
Calculation Details
Total energy calculations were carried out using the Vienna Ab-initio Software Package (VASP), [2] [3] [4] [5] within the framework of DFT. The gradient-corrected PBE exchange-correlation functional was employed, 6 along with the Projector Augmented Wave (PAW) method. 7, 8 For density of state calculations the hybrid HSE06 functional was also employed. 9 Calculations were carried out with periodic boundary conditions, with wave functions expanded on a plane-wave basis set. K-sampling of the Brillouin zone was performed using special k-points generated using the method of Monkhorst and Pack. 
